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PLANETARY GEAR TRANSMISSION FOR A
MOTOR AND MANUALLY OPERABLE
VALVE

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the benefit of and priority

to Japanese Patent Application No. 20135-208850, filed on
Oct. 23, 2015, the entire contents of which are incorporated
by reference herein.

TECHNICAL FIELD

The present disclosure relates to a setting/operating
device for operating a valve stem of a regulating valve and
relates, for example, to a setting/operating device for oper-
ating a valve stem of a rotary-type regulating valve.

BACKGROUND

In the related art, in a chemical plant or the like, a
regulating valve 1s used for process control of a flow rate. A
valve opening of the regulating valve 1s adjusted by a
setting/operating device (hereinaiter, also referred to as an
“actuator”) that operates a valve stem of a regulating valve
based on a control signal from a positioner.

In general, 1n the case of a rotary-type regulating valve,
such as a buttertly valve, a valve member of the regulating
valve may be opened and closed by a force of a fluid that 1s
under control. For example, 1n a case of an electric actuator,
when an electric supply to the actuator 1s stopped due to an
interruption of electric service, or the like, within a plant, a
retaining force for a drive motor 1n an interior of the actuator
1s lost and an opening degree of the regulating valve may not
be maintained.

Therefore, a power transmitting mechanism that drives
the valve stem of the actuator requires a self-lock function
that prevents the valve stem from operating even when no
clectric power 1s supplied. As the power transmitting mecha-
nism that realizes the self-lock function, as disclosed in PTL
1 and PTL 2 described below for example, a paradox
planetary gear mechanism 1s well known. PTL 3 describes a
setting/operating device 1n which the planetary gear mecha-
nism 1s employed as a power transmitting mechanism for a
valve stem.

CITATION LIST
Patent Literature

(PTL 1
[PTL 2
[PTL 3

JP-A-2007-177405
JP-A-2010-255833
JP-A-2014-16222

SUMMARY

The present imnventor has studied about an employment of
the paradox planetary gear mechanism in the power trans-
mitting mechanism 1n an actuator for realizing an electric
actuator which achieves lower cost and compact profile. As
a result of the study, the following problems are revealed.

In general, depending on an application to which a
regulating valve 1s applied, the regulating valve needs to be
operated manually. For example, in an air-conditioning
system where a regulating valve controlled by an electric
actuator 1s applied as a steam valve, when electric power
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2

supply to the actuator 1s stopped due to an interruption of
clectric service, or the like, the regulating valve, if open,
needs to be closed manually in order to prevent steam at high
temperature and high moisture from flowing out.

However, 1n the case where the paradox planetary gear
mechanism 1s applied to the electric actuator, a gear cannot
be rotated due to a seli-lock function thereof even though a
force 1s applied manually from the output shait side of the
actuator, so that a valve opening of the regulating valve
cannot be changed. Therefore, the seli-lock function of the
paradox planetary gear mechanism needs to be temporarily
unlocked 1n order to manually adjust the valve opening of
the regulating valve.

A method of releasing the self-lock function of the
paradox planetary gear mechanism 1s disclosed, for
example, mn PTL 2 described above. In a geared motor
disclosed 1n PTL 2, 1n a normal operation, a fixed internal
gear ol a paradox planetary gear mechanism i1s locked
(ixed) by serting a slide bar into a receiving portion
provided on the fixed internal gear provided at a predeter-
mined position, and when releasing the self-locked state, the
lock of the slide bar is released to let the fixed internal gear
be 1n a free state.

However, according to the technology disclosed 1n PTL 2,
the slide bar 1s fixed by being inserted into the receiving
portion of the fixed internal gear after the fixed internal gear
1s rotated to a position where the slide bar resides. Therelore,
the fixed internal gear cannot be stopped at a desired
position. Therefore, even when the technology in PTL 2 1s
applied to the electric actuator having the paradox planetary
gear mechanism, a valve stem cannot be fixed at a desired
position even though the self-lock of the paradox planetary
gear mechanism can be released. And, thus, the valve
opening cannot be set to a desired value.

In view of such problems described above, 1t 1s an object
ol the invention to provide a setting/operating device includ-
ing a paradox planetary gear mechanism which allows a
manual operation of a valve stem of a regulating valve and
fixation at a desired position.

A setting/operating device (100 to 102) for operating a
valve stem of a regulating valve according to the mnvention
includes: a sun gear (3a/10a/12) that rotates upon reception
ol a rotational force from a drive motor (2); a fixed internal
gear (5) fixedly disposed 1n a form of surrounding the sun
gear and having teeth on an 1inner peripheral surface thereof;
a plurality of planetary gears (4_1 to 4_3) disposed between
the sun gear and the fixed internal gear that rotate in
engagement with the sun gear and the fixed internal gear
while revolving around the sun gear; a movable internal gear
(6/11) disposed coaxially with the fixed internal gear, having
teeth that come 1nto engagement with the planetary gears on
the 1inner peripheral surface thereof, and provided so as to be
rotatable; an output shait (7/9a) coupled to the movable
internal gear and configured to rotate the valve stem of the
regulating valve; a housing (1) that accommodates the sun
gear, the fixed internal gear, the planetary gears, and the
movable 1nternal gear; and a manual operation mechanism
(35, 8/10b, 10c/13a, 135, 14) that rotates the sun gear or the
planetary gears by a force applied from the outside of the
housing.

In the setting/operating device described above, the
manual operation mechanism may include a shait portion
(35) that 1s coupled at one end thereot to the sun gear and has
the same axis of rotation as the sun gear, and an operating
member (8) provided so as to be operable from the outside
of the housing and configured to provide the sun gear with
a rotational force via the shait portion.
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In the above-described setting/operating device, the oper-
ating member 1s a disc-shaped dial, the movable internal
gear and the output shait have the same axis of rotation, the
output shaft 1s formed into a rod shape and includes: a
cut-away portion (7b) formed by cutting away part of an
outer peripheral portion of the output shait in a radial
direction thereof; and a concave portion (7a) formed at a
central portion of the output shait 1n another radial direction
thereol. And the manual operation mechanism may be
disposed 1n such a manner that a center of the dial 1s aligned
with a center of the concave portion 1n plan view, and part
of the outer peripheral portion of the dial projects from the
concave portion toward the cut-away portion 1n plan view.

In the description above, as an example, reference numer-
als 1n drawings corresponding to components of the inven-
tion are designated in parentheses.

From the description given thus far, according to the
invention, a setting/operating device including a paradox
planetary gear mechanism that allows a manual operation of
a valve stem of a regulating valve and fixation at a desired
position 1s achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional perspective view 1illustrating a
principal portion of a setting/operating device according to
Embodiment 1.

FI1G. 2 1s a plan view 1llustrating a principal portion of the
setting/operating device according to Embodiment 1.

FIG. 3 1s a cross-sectional view illustrating a principal

portion of a setting/operating device according to Embodi-
ment 1.

FIG. 4 1s a perspective view illustrating a structure of a
paradox planetary gear mechanism including a sun gear,
planetary gears, a fixed internal gear, and a movable internal
gear.

FIG. 5 1s a perspective view 1llustrating a peripheral
portion of a dial 1n the setting/operating device according to
Embodiment 1 1n an enlarged scale.

FIG. 6 1s a plan view illustrating the setting/operating
device according to Embodiment 1 when viewed from a
valve stem side.

FIG. 7 1s a cross-sectional perspective view illustrating a
principal portion of a setting/operating device according to
Embodiment 2.

FIG. 8 1s a plan view illustrating a principal portion of the
setting/operating device according to Embodiment 2.

FIG. 9 1s a cross-sectional view 1illustrating a principal
portion of a setting/operating device according to Embodi-
ment 2.

FIG. 10 1s a plan view illustrating the setting/operating
device according to Embodiment 2 when viewed from a
valve stem side.

FIG. 11 1s a cross-sectional perspective view 1llustrating
a principal portion of a setting/operating device according to
Embodiment 3.

FIG. 12 1s a plan view 1llustrating a principal portion of
the setting/operating device according to Embodiment 3.

FIG. 13 15 a cross-sectional view illustrating a principal
portion of a setting/operating device according to Embodi-
ment 3.
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4
DETAILED DESCRIPTION

Heremnafter, embodiments of the invention will be
described with reference to the drawings.

Embodiment 1

FIG. 1 1s a cross-sectional perspective view illustrating a
principal portion of a setting/operating device according to
Embodiment 1.

The setting/operating device 100 according to Embodi-
ment 1 1llustrated 1n FIG. 1 1s a device configured to operate
a regulating valve used 1n process control of a tlow rate 1n
a plant, or the like, and 1s configured to control a valve
opening of the regulating valve by operating a valve stem of
the regulating valve in accordance with an operation signal
supplied from a positioner provided externally. For example,
the setting/operating device 100 1s an electric actuator
configured to operate a rotary-type regulating valve, such as
a buttertly valve.

The setting/operating device 100 according to Embodi-
ment 1 includes a paradox planetary gear mechamism as a
power transmitting mechanism that operates the valve stem
of the regulating valve, and includes a self-lock function
which prevents the valve stem from operating even when no
electric power 1s supplied to the electric motor. In addition,
the setting/operating device 100 has a function that allows a
manual operation of the valve stem to {ix the valve stem at
a given valve opening even when no power 1s supplied to the
clectric motor.

A specific structure for realizing the above-described
functions 1n the setting/operating device 100 will be
described 1n detail below.

FIG. 2 1llustrates a planar structure of a principal portion
of a setting/operating device 100 when viewed from a
direction P 1n FIG. 1, and FIG. 3 i1llustrates a cross section
of the setting/operating device 100 taken along the line A-A
in FIG. 2. In FIG. 2, part of the components of the setting/
operating device 100 1s omitted in order to clarily positional
relationships among the gears which constitute a power
transmitting mechanism of the setting/operating device 100.

As 1llustrated 1n FIGS. 1 to 3, the setting/operating device
100 includes a housing 1, a drive motor 2, a sun gear 3a,
planetary gears 4_1 to 4_3, a fixed internal gear 5, a movable
internal gear 6, an output shaft 7, a shaft portion 356, and a
dial 8.

Although the setting/operating device 100 also 1ncludes
an electronic circuit portion and a power supply unit for
controlling the rotation of the drive motor 2 based on an
operation signal supplied from a positioner, illustration of
these components 1s omitted 1n FIGS. 1 to 3.

The housing 1 1s a container for accommodating the
components of the setting/operating device 100 and 1is
formed of, for example, a metallic matenial. FIG. 1 1llus-
trates a case where a lid that covers an upper portion (P-side
in FIG. 1) of the housing 1 1s removed. However, the lid that
covers the upper portion of the housing 1 1s installed 1n a
final product (for example, as shown 1n FIG. 3).

The drive motor 2 1s an electric motor that 1s controlled by
the electronic circuit portion (not 1illustrated) described
above.

The sun gear 3a 1s a gear that 1s coupled to the rotation
shaft of the drive motor 2 and 1s a gear that rotates (rotates
about 1ts own axis) upon reception of a rotational force of the
rotation shaft.

The fixed internal gear 5 1s a gear that 1s fixedly disposed
in a form of surrounding the sun gear 3a and has teeth on an
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inner peripheral surface thereof (which may be annular teeth
or teeth on an annular surface to form an annular gear,
annular gear surface, or annular gear portion). Specifically,
the fixed internal gear S includes a plate Sa configured to
support the drive motor 2 and rotatably hold the planetary
gears 4 (4_1 to 4_3) 1n the direction P, and a gear portion 556
that engages the periphery of the planetary gears 4_1to 4_3.

Although the plate Sa and the gear portion 56 may be
separate components, a reduction 1in number of components
1s achieved by forming these members integrally.

The planetary gears 4 1 to 4_3 (also referred to as
“planetary gear 4” when they are collectively expressed) are
gears which are disposed between the sun gear 3a and the
fixed internal gear 5, and are rotated 1n engagement with the
sun gear 3a and the fixed internal gear 5 while revolving
around the sun gear 3a.

The movable internal gear 6 1s disposed coaxially with the
fixed internal gear 5, has teeth that come 1nto engagement
with the planetary gear 4 on the inner peripheral surface
thereol (which may be annular teeth or teeth on an annular
surface to form an annular gear, annular gear surface, or
annular gear portion) and 1s provided so as to be rotatable.
As 1llustrated in FIGS. 1 and 3, the movable internal gear 6
includes a gear portion 6a that engages the planetary gear 4
and a bottom portion 65 that rotatably supports the planetary
gear 4. The bottom portion 65 includes a through-hole 6c¢
that 1s formed 1n a direction of an axis of rotation (which
may also be referred to as an “axial direction™) of the
movable internal gear 6.

An output shait 7 1s a component that 1s coupled to the
movable internal gear 6 and 1s configured to rotate the valve
stem of the regulating valve. As 1llustrated in FIGS. 1 and 3,
the output shait 7 has the same axis of rotation as the
movable internal gear 6 and 1s formed integrally with the
movable internal gear 6.

The shaft portion 35 and the dial 8 constitute the manual
operation mechanism that rotates the sun gear 3a by a force
applied from the outside of the housing 1. Detailed descrip-
tion of the shaft portion 35 and the dial 8 will be described
later.

The sun gear 3a, the planetary gear 4, the fixed internal
gear 5, and the movable internal gear 6 are formed of, for
example, a resin material, such as plastic, and a metallic
maternial. The sun gear 3a, the planetary gear 4, the fixed
internal gear 5, and the movable internal gear 6 constitute
one paradox planetary gear mechanism. The paradox plan-
ctary gear mechanism will be described below 1n detail.

FI1G. 4 15 a perspective view 1llustrating a structure of the
paradox planetary gear mechanism including the sun gear
3a, the planetary gear 4, the fixed internal gear 5, and the
movable internal gear 6.

As 1llustrated 1n FIG. 4, the planetary gears 4_1to 4_3 are
disposed 1n engagement with the sun gear 3a disposed at a
central portion of the paradox planetary gear mechanism. In
addition, the fixed internal gear 5 configured to engage part
of the areas of the planetary gear 4 and configured to guide
the rotation of the planetary gears 4 1 to 4_3 1s fixedly
disposed 1n the periphery of the planetary gears 4_1 to 4_3,
and the movable internal gear 6, which engages other areas
of the planetary gear 4 and 1s configured to be rotatable, 1s
also disposed therein.

In the paradox planetary gear mechanism described
above, the sun gear 3q rotates upon reception of a rotational
force from a rotation shatft of the drive motor 2, which in turn
causes the planetary gears 4_1 to 4_3 to rotate (revolve)
along the fixed internal gear 5 while rotating. The movable
internal gear 6 rotates upon reception of the rotational force
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of the planetary gears 4_1 to 4_3. The output shaft 7 can be
rotated by a significantly reduced rotational force of the
drive motor 2 by coupling the output shaft 7 (valve stem) to
the movable internal gear 6.

Since the paradox planetary gear mechanism described
above 1s capable of rotating the valve stem by a significantly
reduced rotational force from the drive motor 2, the output
shaft 7 (valve stem), which 1s coupled to the movable
internal gear 6, cannot be rotated even when a force 1is
applied externally to the output shait 7, or a significantly
large force 1s required to rotate the output shait 7. Therefore,
even when the power supply to the drive motor 2 1s
interrupted due to an interruption of electric service, the
valve opening of the regulating valve may be substantially
fixed, so that the self-lock function of the regulating valve
may be realized.

As described above, the seli-lock function of the regulat-
ing valve 1s realized by the paradox planetary gear mecha-
nism that includes the sun gear 3a, the planetary gear 4, the
fixed internal gear 5, and the movable internal gear 6.

In addition, the paradox planetary gear mechanism of the
present disclosure has a structure that rotates the movable
internal gear 6 not by the drive motor 2, but manually. The
structure of the paradox planetary gear mechanism will be
described below 1n detail.

As described above, the shaft portion 35 and the dial 8
constitute the manual operation mechanism that rotates the
sun gear 3a by a force applied from the outside of the
housing 1.

The shaft portion 36 1s a component coupled at one end
thereol to the sun gear 3a, and has the same axis of rotation
as the sun gear 3a. As illustrated 1n FIGS. 1 and 3, the shaft
portion 35 1s, for example, integrally formed with the sun
gear 3a.

The dial 8 1s an operating member provided so as to allow
an operation from the outside of the housing 1, and config-
ured to provide the sun gear 3a with a rotational force via the
shaft portion 3b. The dial 8 1s formed 1nto, for example, a
substantially disc shape, and includes a plurality of grooves
on an outer peripheral portion 86 thereof.

As 1illustrated 1n FIGS. 1 and 3, the shait portion 35 1s
accommodated 1n the through-hole 6c¢ of the movable inter-
nal gear 6, and partly projects to the outside of the housing
1 together with the movable internal gear 6. The shait
portion 35 1s formed 1nto a cylindrical shape opening at one
end thereof and bottomed on the other end. Specifically, an
end portion of the shait portion 36 on the side projecting
from the housing 1 1s provided with a hole 3¢ formed in the
direction of an axis of rotation of the shaft portion 3.

The hole 3¢ 1s formed into a polygonal shape (for
example, hexagonal shape) 1n plan view, and a projection 8a
of the dial 8 also has a shape corresponding to the hole 3¢
(polygonal shape 1n plan view). The projection 8a of the dial
8 1s fitted into the hole 3¢, so that the shaft portion 35 and
the dial 8 are coupled.

Since the shaft portion 35 and the dial 8 are coupled as
described above, a rotational force can be applied directly to
the sun gear 3a via the shait portion 36 not by the drive
motor 2 but by rotating the dial 8 manually, for example.
Accordingly, even 1n a state 1n which the drive motor 2 1s
stopped, the movable internal gear 6 can be rotated via the
sun gear 3a by operating the dial 8 manually, and thus the
valve stem may be rotated to a position that achieves a
desired valve opening. In contrast, as described above, since
the paradox planetary gear mechanism i1s employed as the
power transmitting mechanism of the setting/operating
device 100, the valve stem can be fixed at the position
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described above by a speed reduction ratio of the paradox
planetary gear mechanism after the valve stem 1s rotated to
a desired position by the dial 8.

Subsequently, a structure of a peripheral portion of the
dial 8 will be described.

FIG. 5 1s a perspective view 1llustrating a peripheral
portion ol a dial 8 in the setting/operating device 100
according to Embodiment 1 1n an enlarged scale.

FIG. 6 1s a plan view 1illustrating the setting/operating

device 100 according to Embodiment 1 viewed from the
valve stem side (e.g., i direction S of FIGS. 1, 3, and 5).

As 1llustrated mm FIGS. 5 and 6, the output shaft 7 1s

tformed into a rod shape (for example, cylindrical shape) and
includes a cut-away portion 76 which 1s formed by cutting
away part of an outer peripheral portion of the output shaft
7 1n a radial direction and a concave portion 7a formed at a
central portion of the output shait 7 in another radial
direction. And as shown 1n FIGS. 5 and 6, output shait 7 may
comprise two opposing cut-away portions 75 (on opposite
sides of output shait 7) and corresponding two opposing
concave portions 7a (on corresponding opposite sides of
output shait 7).

The dial 8 1s disposed at the concave portion 7a of the
output shatt 7. Specifically, as illustrated 1n FIG. 6, the dial
8 1s disposed 1n such a manner that the center of the dial 8
1s aligned with the center of the concave portion 7a 1n plan
view, and part of an outer peripheral portion 85 of the dial
8 protrudes from the concave portion 7a toward the cut-
away portion 75 1n plan view.

With the output shaft 7 formed and the dial 8 disposed in
the manner described above, even when the dial 8 1s
disposed coaxially with the sun gear 3a as illustrated 1n
FIGS. 1 to 6, the output shaft 7 does not become an
impediment to the operation of the dial 8, and thus manual
operation of the valve stem can easily be performed.

As described thus far, according to the setting/operating
device 100 of Embodiment 1, the paradox planetary gear
mechanism 1s employed as the power transmitting mecha-
nism, and the manual operation mechanism configured to
apply the external force to the sun gear 3 of the paradox
planetary gear mechanism as a rotational force 1s provided.
Therefore, the dial 8 may be manually operated to rotate the
movable internal gear 6 even 1n a state in which the drive
motor 2 1s stopped due to reasons such as an interruption of
clectric service, for example. Also, since Embodiment 1
does not have a structure i which the seli-lock function of
the paradox planetary gear mechanism 1s released as in the
related art described above, the valve stem may be fixed
alter the operation of the dial 8. In other words, according to
the setting/operating device 100 of Embodiment 1, the
manual operation of the valve stem 1s enabled while real-
1zing the self-lock function of the regulating valve.

Also, since Embodiment 1 does not have a structure in
which the seli-lock function of the paradox planetary gear
mechanism 1s released as described above, the power trans-
mitting mechanism may be prevented from becoming com-
plex. Accordingly, the manual operation function of the
valve stem 1s realized while reducing the manufacturing
cost. Also, as described above, by integrally forming the
plate 5a and the gear portion 55 as the fixed internal gear 3,
turther reduction of the manufacturing cost 1s enabled.

According to the setting/operating device 100 of Embodi-
ment 1, the disc-shaped dial 8 i1s used as the operating
member of the manual operation mechanism described
above, and thus a direct application of the rotational force to
the sun gear 3a 1s facilitated.
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According to the setting/operating device 100 of Embodi-
ment 1, the dial 8 1s disposed in the concave portion 7a

formed on the output shait 7 1n such a manner that part of
the outer peripheral portion 856 projects toward the cut-away
portion 7b, so that the manual operation of the valve stem 1s
facilitated as described above.

Embodiment 2

FIG. 7 1s a cross-sectional perspective view illustrating a
principal portion of a setting/operating device according to
Embodiment 2.

A setting/operating device 101 according to Embodiment
2 1llustrated 1n FIG. 7 1s different from the setting/operating
device 100 of Embodiment 1 1n that the sun gear and the
movable internal gear are not disposed on the same axis as
the output shait and are disposed on axial lines different
from each other.

In the setting/operating device 101 of Embodiment 2, the
same components as in the setting/operating device 100
according to Embodiment 1 are designated by the same
reference numerals and detailed description will be omaitted.

FIG. 8 1s a plan view 1llustrating a principal portion of the
setting/operating device of Embodiment 2, and FIG. 9 1s a
cross-sectional view 1illustrating a principal portion of the
setting/operating device according to Embodiment 2.

FIG. 8 illustrates a planar structure of a principal portion
of a setting/operating device 101 when viewed from a
direction P 1n FIG. 7, and FIG. 9 1llustrates a cross section
of the setting/operating device 101 taken along the line A-A
in FIG. 8. In FIGS. 8 and 9, part of the components of the
setting/operating device 101 1s omitted in order to clarily
positional relationships among the gears which constitute a
power transmitting mechanism of the setting/operating
device 101.

As 1llustrated in FIGS. 7 to 9, the setting/operating device
101 includes a housing 1, a drive motor 2, a sun gear 10a,
planetary gears 4_1 to 4_3, a fixed internal gear 5, a movable
internal gear 11, a shatt portion 105, a gear 95, and an output
shaft 9a.

The movable mternal gear 11 and the output shaft 9a are
disposed apart from each other and axes of rotation thereof
are disposed 1n parallel to each other. Provided between the
movable internal gear 11 and the output shait 9a 1s the gear
96 as a transmission mechanism that transmits rotation of
the movable 1internal gear 11 to the output shait 9a.

The movable internal gear 11 retains the planetary gears
4 1tod 3 asillustrated in FIGS. 7 and 9 and includes a first
gear portion 11a that engages peripheries of the respective
planetary gears 4 1 to 4_3, and a second gear portion 115
coupled to the first gear portion 11a and having the same
axis of rotation as the first gear portion 11a. The first gear
portion 1la and the second gear portion 1156 are each
provided with a through-hole 11c¢ that penetrates through
central portions (rotations shaits) thereof.

The output shait 94 1s a rod-shaped member that 1s to be
connected to a valve stem of a regulating valve. The output
shaft 9a 1s inserted into a through-hole formed 1n plate
portion 5a of the fixed internal gear 5 and 1s rotatably
retained by the fixed internal gear 5. The gear 95 1s coupled
to the output shait 9a, and teeth provided on an outer
peripheral portion thereof engage teeth of the second gear
portion 1156 of the movable internal gear 11.

The setting/operating device 101 of Embodiment 2 acts as
follows.

When the drive motor 2 rotates, a rotational force thereof
1s transmitted to the sun gear 10a via the gear 20 and a gear
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21, so that the sun gear 10a and the shait portion 105
coupled thereto rotate. When the sun gear 10a rotates, a
planetary gear 4 disposed therearound rotates and revolves
along the fixed internal gear 5, so that the first gear portion
11a and the second gear portion 115 of the movable internal
gear 11 rotate. The rotational force of the movable internal
gear 11 transmitted to the gear 95 causes the shait 9a
coupled to the gear 95 to rotate. Accordingly, rotation of the
valve stem connected to the shait 9a 1s achieved.

The setting/operating device 101 of Embodiment 2
includes a manual operation mechanism for manually oper-
ating the valve stem 1n the same manner as the setting/
operating device 100 of Embodiment 1. Specifically, as
illustrated 1n FIGS. 7 and 9, a shait portion 105 that rotates
the sun gear 10a by a force applied from the outside of
housing 1 1s provided as the manual operation mechanism.

Specifically, the shaft portion 105 1s a component coupled
at one end thereof to the sun gear 10q, and has the same axis
of rotation as the sun gear 10a. The shaft portion 105 1s
integrally formed with the sun gear 10a, for example.

As 1llustrated 1n FIGS. 7 and 9, the shait portion 105 1s

accommodated in the through-hole 11¢ of the movable
internal gear 11, and partly projects to the outside of the
housing 1. The shait portion 105 1s formed into a cylindrical
shape opening at one end thereof and bottomed on the other
end. Specifically, an end portion of the shaft portion 106 on
a side projecting from the housing 1 1s provided with a hole
10c formed 1n a direction of an axis of rotation of the sun
gear 10a.

FIG. 10 1s a plan view illustrating the setting/operating
device 101 according to Embodiment 2 when viewed from
a valve stem side (direction S 1 FIGS. 7 and 9).

As 1illustrated 1n FIG. 10, the hole 10c¢ 1s formed into a
polygonal shape 1n plan view. For example, a tool that meets
the shape of the hole 10c¢ 1s mserted mto the hole 10¢ and 1s
rotated therein, rotation of the sun gear 10a 1s achieved
without depending on the drive motor 2. For example, 1n the
case where the hole 10c¢ 1s formed 1nto a hexagonal shape 1n
plan view, the rotation of the sun gear 10q 1s achueved by
iserting a hexagonal rod spanner (hexagonal rod wrench)
having the shape conforming thereto and rotating the same
in the hole 10c.

According to the setting/operating device 101 of Embodi-
ment 2 described thus far, in a structure 1n which the sun gear
10a and the movable internal gear 11 of the paradox plan-
etary gear mechanism are not on the same axis as the output
shaft 9a, the hole 10¢ having the polygonal shape in plan
view 1s formed on the shait portion 106 coupled to the sun
gear 10a and projecting from the housing 1, so that the
rotation of the sun gear 10a can be achieved by inserting a
tool into the hole 10c. Accordingly, even 1n a state in which
the drive motor 2 1s stopped for reasons such as an inter-
ruption of electric service, for example, the movable internal
gear 11 can be manually rotated, and thus the valve stem
may be rotated and fixed to a position that achieves a desired
valve opening. In other words, according to the setting/
operating device 101 of Embodiment 2, the manual opera-
tion of the valve stem 1s enabled while realizing the selt-lock
function of the regulating valve in the same manner as the
setting/operating device 100 of Embodiment 1.

Embodiment 3

FIG. 11 1s a cross-sectional perspective view 1llustrating
a principal portion of a setting/operating device according to
Embodiment 3.
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A setting/operating device 102 of Embodiment 3 1llus-
trated i FIG. 11 1s different from the setting/operating
device 100 of Embodiment 1 in that a manual operation
mechanism that rotates the planetary gear instead of the sun
gear 1s provided.

In the setting/operating device 102 of Embodiment 3, the
same components as in the setting/operating device 100
according to Embodiment 1 are designated by the same
reference numerals and detailed description will be omaitted.

FIG. 12 1s a plan view illustrating a principal portion of
the setting/operating device of Embodiment 3, and FIG. 13
1s a cross-sectional view illustrating a principal portion of
the setting/operating device according to Embodiment 3.

FIG. 12 1llustrates a planar structure of a principal portion
of a setting/operating device 102 when viewed from a
direction P 1n FIG. 11, and FIG. 13 illustrates a cross section
of the setting/operating device 102 taken along the line A-A
in FIG. 12. In FIGS. 12 and 13, part of the components of

the setting/operating device 102 1s omitted 1n order to clarify
positional relationships among the gears which constitute a

power transmitting mechanism of the setting/operating
device 102.

As 1illustrated i FIGS. 11 to 13, the setting/operating
device 102 includes a housing 1, a drive motor 2, a sun gear
12, planetary gears 4_1 to 4_3, a fixed internal gear 5, a
movable internal gear 6, an output shaft 7, a carnier 13a, a
shaft portion 135, and a dial 14.

The carrier 13a 1s a seat disposed 1n the movable internal
gear 6. It rotatably supports the planetary gear 4 and 1s
rotatably provided coaxially with the movable internal gear
6. For example, a through-hole 1s formed at a central portion
(rotation shait) of each of the planetary gears 4_1to4_3, and
projections are formed on the carrier 13a corresponding to
the through holes of the respective planetary gears 4_1 to
4_3. The planetary gears 4_1 to 4_3 are supported respec-
tively by the projections formed on the carrier 13a and
inserted 1nto the through-holes of the planetary gears 4_1 to
4_3, respectively.

With the carnier 13a configured as described above, when
the drive motor 2 rotates, the carrier 13a rotates together
with the planetary gears 4_1 to 4_3 by a rotational force
from the sun gear 12.

The shatt portion 135 1s a component coupled at one end
thereof to the carrier 13a and has the same axis of rotation
as the carrier 13a. The shaft portion 135 1s integrally formed
with the carrier 13a, for example.

A dial 14 1s an operating member provided so as to be
operable from the outside of the housing 1. It 1s configured
to provide the planetary gear with a rotational force via the
shaft portion 135 and i1s formed into a substantially disc
shape with a plurality of grooves formed on an outer
peripheral portion 145 in the same manner as the dial 8 in
Embodiment 1 described above.

As 1llustrated i FIGS. 11 and 13, the shaift portion 135 1s
accommodated 1n the through-hole 6c¢ of the movable inter-
nal gear 6, and partly projects to the outside of the housing
1 together with the movable internal gear 6. The shait
portion 135 1s formed into a cylindrical shape opening at one
end thereof and bottomed on the other end. Specifically, an
end portion of the shaft portion 135 on a side projecting from
the housing 1 1s provided with a hole 13¢ formed 1 a
direction of an axis of rotation of the sun gear 12.

The projection 14a of the dial 14 1s mserted into the hole
13c, and 1s coupled to the carrier 13a. The dial 14 1s formed
into a disc shape having the same axis of rotation as the
carrier 13a.
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A hole 13c¢ 1s formed 1nto a polygonal shape (for example,
hexagonal shape) 1n plan view, and the projection 14a of the
dial 14 also has a shape corresponding to the hole 13c
(polygonal shape 1n plan view). The projection 14a of the
dial 14 1s fitted 1nto the hole 13¢, so that the shaft portion 1356
and the projection 14a are coupled.

Since the carrier 13a and the dial 14 are coupled to each
other via the shait portion 135 as described above, applica-
tion ol a rotational force to the planetary gear 4 via the
carrier 13a 1s achieved without depending on the drive
motor 2 by, for example, manually rotating the dial 14.
Accordingly, even 1n a state 1n which the drive motor 2 1s
stopped, the movable internal gear 6 can be rotated by
operating the dial 14 manually and rotating the planetary
gear 4, and thus the valve stem may be rotated to a position
that achieves a desired valve opening.

As described above, since the paradox planetary gear
mechanism 1s employed as the power transmitting mecha-
nism of the setting/operating device 102, the valve stem can
be fixed at a desired position by a speed reduction ratio of
the paradox planetary gear mechamsm after the valve stem
1s rotated to the desired position using the dial 14.

A configuration of the output shait 7 in the periphery of
the dial 14 1s the same as that of the setting/operating device
100 of Embodiment 1 (see FIGS. 5 and 6).

As described thus far, according to the setting/operating
device 102 of Embodiment 3, the paradox planetary gear
mechanism 1s employed as the power transmitting mecha-
nism, and a manual operation mechanism configured to
apply an external force to the planetary gear 4 of the paradox
planetary gear mechanism as a rotational force 1s provided.
Theretfore, the dial 14 may be manually operated to rotate
the movable internal gear 6 even 1n a state 1n which the drive
motor 2 1s stopped due to reasons such as an interruption of
clectric service, for example, and the valve stem can be
rotated and fixed to a position where the desired valve
opening 1s achieved. In other words, according to the
setting/operating device 102 of Embodiment 3, the manual
operation of the valve stem 1s enabled while realizing a
self-lock function of a regulating valve.

In addition, direct application of the rotational force to the
planetary gear 4 1s achieved easily by using the carrier 134
that supports the planetary gear 4 and 1s capable of rotating
together with the planetary gear 4, the shait portion 135
being coupled to the carrier 13q, and the dial 14 being
coupled to the shaft portion 135 as the above-described
manual operation mechanism.

Since the setting/operating device 102 of Embodiment 3
has a configuration 1n which the rotational force 1s applied
directly to the planetary gear 4, the number of rotations may
be smaller than the case where the sun gear 1s directly
operated (e.g., Embodiments 1 and 2), although an operation
torque 1s increased.

As described above, the mmvention implemented by the
inventors has been described specifically based on the
embodiments. However, the invention 1s not limited thereto,
and 1t 1s needless to say that the invention can be modified
in various ways without departing from the scope thereof.

For example, in Embodiments 1 and 3, the case where the
dial 8, 14 and the shait portion 35, 135, which constitute the
manual operation mechanism, are separate components has
been exemplified. However, the invention 1s not limited
thereto, and, for example, the dial 8, 14 and the shaift portion
3b, 136 may be formed integrally.

In Embodiments 1 and 2, the case where the sun gear 3a,
10a and the shaft portion 35, 106 are formed integrally has
been exemplified. However, the sun gear 3a, 10a and the
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shaft portion 35, 105 may be formed as separate components
and coupled. In the same manner, the carrier 13a and the
shaft portion 136 may be formed as separate components
and coupled 1n Embodiment 3.

In Embodiment 2, the method of rotating the sun gear 10a
by 1nserting a tool 1n the hole 10c¢ of the shaft portion 1056
has been exemplified. However, the invention 1s not limited
thereto, and a dial for manual operation may be fitted 1nto the
hole 10c¢ of the shait portion 105 as 1n the setting/operating
device 100 of Embodiment 1.

In Embodiment 2, the case where the movable internal
gear 11 and the output shait 9a are disposed 1n parallel has
been exemplified. However, the mvention 1s not limited
thereto, and a diflerent configuration 1s also applicable if the
axis of rotation of the movable internal gear 11 and the axis
of rotation of the output shaft 9 may be disposed at
positions not on the same line. For example, the axis of
rotation of the movable internal gear 11 and the axis of the
output shatt 9a¢ may be perpendicular to each other.

Although the case in which the movable internal gear 6
and the output shaft 7 are formed integrally has been
exemplified 1n Embodiments 1 and 3, the mvention 1s not
limited thereto, and a configuration 1n which these compo-
nents may be formed as separate components and coupled to
have the same axis of rotation may be used.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

100 to 102 . . . setting/operating device, 1 . . . housing,
2 . . . drnive motor, 3a, 10a, 12 . . . sun gear, 35,

105, 135 . . . shaft portion, 3¢, 10c, 13¢ .. . hole,4_1,4_2,
4 3,4 ... planctary gear, 5 . . . fixed internal gear, 5a . . .
plate, 56 . . . gear portion, 6, 11 . . . movable internal gear,
6a . . . gear portion, 656 . . . bottom portion, 6¢c . . .
through-hole, 7, 9a . . . output shatt, 7a . . . concave portion,

7b . . . cut-away portion, 8, 14 . . . dial, 8a . . . projection,
8b . . . outer peripheral portion, 956, 20, 21 . . . gear,
11a . . . first gear portion, 1156 . . . second gear portion,
13a . . . carner

The mnvention claimed 1s:

1. A setting/operating device comprising:

a sun gear configured to rotate upon reception of a
rotational force from a drive motor;

a fixed 1nternal gear fixedly disposed to surround the sun
gear and configured to have teeth on a fixed inner
peripheral surface;

a plurality of planetary gears disposed between the sun
gear and the fixed internal gear that rotate in engage-
ment with the sun gear and the fixed internal gear while
revolving around the sun gear;

a movable 1nternal gear disposed coaxially with the fixed
internal gear, said movable internal gear being config-
ured with teeth on a movable inner peripheral surface
that come 1nto engagement with the planetary gears and
being configured to be rotatable;

an output shaft coupled to the movable internal gear and
configured to rotate a valve stem of a regulating valve;

a housing that accommodates the sun gear, the fixed
internal gear, the planetary gears, and the movable
internal gear;

a manual operation mechanism configured to rotate one of
the sun gear and the plurality of planetary gears by an
external force, wherein
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the manual operation mechanism comprises:

a seat disposed in the movable internal gear, the seat
being configured to rotatably support the planetary
gears and to be rotatable coaxially with the movable
internal gear;

a shatt portion coupled at one end to the seat and having
a same axis of rotation as the seat; and

an operating member configured to be operable from an
outside of the housing to provide the planetary gears
with a rotational force via the shaft portion as the
external force,

the operating member 1s a disc-shaped dial,

the movable internal gear and the output shaft have a same
axis of rotation,

the output shait 1s formed into a rod shape,

the output shaft comprises one or more cut-away portions
cach formed by cutting away part of an outer peripheral
portion of the output shaft 1n a respective radial direc-
tion and one or more concave portions each formed at

a central portion of the output shaft in another respec-

tive radial direction, and

the manual operation mechanism 1s disposed 1n such a
manner that a center of the dial 1s aligned with a center
of the one or more concave portions 1n a plan view, and
one or more parts of an outer peripheral portion of the
dial projects from the one or more concave portions
toward the one or more cut-away portions in the plan
VIEW.

2. A setting/operating device comprising:

a sun gear configured to rotate upon reception of a
rotational force from a drive motor;

a fixed 1nternal gear fixedly disposed to surround the sun
gear and configured to have teeth on a fixed inner
peripheral surface;

a plurality of planetary gears disposed between the sun
gear and the fixed internal gear that rotate in engage-
ment with the sun gear and the fixed internal gear while
revolving around the sun gear;

a movable internal gear disposed coaxially with the fixed
internal gear, said movable internal gear being config-
ured with teeth on a movable 1nner peripheral surface
that come 1nto engagement with the planetary gears and
being configured to be rotatable;

an output shaft coupled to the movable mternal gear and
configured to rotate a valve stem of a regulating valve;

a housing that accommodates the sun gear, the fixed
internal gear, the planetary gears, and the movable
internal gear; and

a manual operation mechanism comprising a shaft portion
coupled at one end to the sun gear and that rotates one
of the sun gear and the plurality of planetary gears by
an external force and an operating member that is
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operable from an outside of the housing for exerting a
rotational force via the shaft portion as the external
force, wherein

the operating member 1s a disc-shaped dial,

the output shaft comprises one or more cut-away portions
cach formed by cutting away part of an outer peripheral
portion of the output shaft 1n a respective radial direc-
tion and one or more concave portions each formed at

a central portion of the output shaft 1n another respec-
tive radial direction, and

a center of the dial 1s aligned with a center of the one or
more concave portions in a plan view, and one or more
parts of an outer peripheral portion of the dial projects
from the one or more concave portions toward the one
or more cut-away portions in the plan view.

3. A setting/operating device comprising;:

a sun gear configured to rotate upon reception of a
rotational force from a drive motor;

a fixed 1nternal gear fixedly disposed to surround the sun
gear and configured to have teeth on a fixed inner
peripheral surface;

a plurality of planetary gears disposed between the sun
gear and the fixed internal gear that rotate 1n engage-
ment with the sun gear and the fixed internal gear while
revolving around the sun gear;

a movable internal gear disposed coaxially with the fixed
internal gear, said movable internal gear being config-
ured with teeth on a movable mner peripheral surface
that come 1nto engagement with the planetary gears and
being configured to be rotatable;

an output shaft coupled to the movable internal gear and
configured to rotate a valve stem of a regulating valve;

a housing that accommodates the sun gear, the fixed
internal gear, the planetary gears, and the movable
internal gear;

a manual operation mechanism configured to rotate one of
the sun gear and the plurality of planetary gears by an
external force;

a transmitting mechanism configured to transmit rotation
of the movable internal gear to the output shaft,
wherein

the movable internal gear and the output shait are con-
figured away from each other with different axes of
rotation,

the movable internal gear comprises a through-hole that
penetrates 1 an axial direction,

the manual operation mechanism has a same axis of
rotation as the sun gear and comprises a shaft portion
that 1s coupled at one end to the sun gear and that 1s
exposed at another end to an outside of the housing, and

the shait portion comprises, at the another end, a hole
formed 1n the axial direction, the hole having a polygo-
nal shape 1n a plan view.
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